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On January 20, 2020, the first case of coronavirus disease 2019 (COVID‐19), caused by the severe acute respiratory syndrome coronavirus‐2, was identified in the United States.[1](#jah35203-bib-0001){ref-type="ref"} Since then, the pandemic has spread across the United States, and as of April 14, 2020, there were 600 000 cases and at least 25 000 deaths. As a result, cardiovascular societies have recommended postponing all nonemergent cardiac procedures.[2](#jah35203-bib-0002){ref-type="ref"} There is no clear consensus on what constitutes elective versus a time‐sensitive indication for some cardiac procedures. Transcatheter aortic valve replacement (TAVR) has expanded significantly since its approval in 2011, with \>50 000 TAVR procedures done in 2017 and \>550 hospitals performing TAVR in 2018. This was projected to further increase with the Food and Drug Administration approval of TAVR for low‐risk patients with severe symptomatic aortic stenosis (AS) in 2019.[3](#jah35203-bib-0003){ref-type="ref"} However, the COVID‐19 pandemic has raised tremendous challenges and practically brought to a halt the performance of TAVR in many centers in the United States and across the globe, with many hospitals transitioning patient care to telemedicine and virtual encounters. Furthermore, structural heart disease training, which is already fragmented and inconsistent between programs,[4](#jah35203-bib-0004){ref-type="ref"} is markedly affected by the lower number and limited scope of procedures performed in the COVID‐19 era. In many institutions, the interventional fellows are providing backup clinical support to clinical cardiology fellows and critical care physicians in their efforts combatting the COVID‐19 outbreak in their local community. This will undoubtedly result in diminished experience and exposure of fellows to structural heart disease procedures, even among those enrolled in the few dedicated structural heart disease training programs in the United States. If the COVID‐19 pandemic continues abated, societal guidance is needed to revisit the certification volume requirements and provide alternative means to complement the fellows' training (eg, online didactic and case review sessions, webinars, and simulation programs). Given the COVID‐19 outbreak in the United States, the heart team should meticulously deliberate about the risks, benefits, and alternatives of aortic valve replacement (AVR) in patients with severe AS, as well as the best therapeutic strategy (TAVR versus surgical AVR) and its timing. The American College of Cardiology/Society for Cardiovascular Angiography and Interventions released a guidance statement for triaging patients referred for structural heart interventions that describes some scenarios for patients' presentations and recommended management.[5](#jah35203-bib-0005){ref-type="ref"}

The current COVID‐19 outbreak in the United States is placing an unparalleled strain and new challenges for the healthcare system in the United States. Therefore, when the heart team discusses whether to perform a TAVR procedure and its timing, 3 basic questions may arise and answers to those may help guide their decision making.

Is the Patient With Severe AS Severely Ill? {#jah35203-sec-0003}
===========================================

Severe AS results in diminished cardiac output and increased afterload on the left ventricle (LV), resulting in LV remodeling.[6](#jah35203-bib-0006){ref-type="ref"} Patients can remain asymptomatic for a long time, but once symptoms develop, their risk of sudden cardiac death precipitously increases.[7](#jah35203-bib-0007){ref-type="ref"} There is evidence that subclinical LV damage and fibrosis occur even before symptoms develop, with the degree of fibrosis directly associated with outcomes.[6](#jah35203-bib-0006){ref-type="ref"} The small RECOVERY (Randomized Comparison of Early Surgery Versus Conventional Treatment in Very Severe Aortic Stenosis) trial demonstrated a reduction in cardiovascular mortality with early surgical AVR compared with conservative care in asymptomatic patients with severe AS.[8](#jah35203-bib-0008){ref-type="ref"} Although interesting, the findings of the small multicenter RECOVERY trial need to be confirmed in future clinical trials and duplicated using TAVR as the treatment strategy. In the COVID‐19 era, we believe TAVR should be predominantly reserved for symptomatic patients with severe AS. Severe AS can present with angina pectoris, heart failure, syncope, or a mixture of these symptoms.[7](#jah35203-bib-0007){ref-type="ref"} Different symptoms portend different prognostic implications. Earlier reports suggested that heart failure symptoms conferred the worse prognosis.[7](#jah35203-bib-0007){ref-type="ref"} More recent reports suggest that syncope is an underestimated symptom that also confers high short‐ and long‐term mortality even after AVR.[9](#jah35203-bib-0009){ref-type="ref"} In addition, TAVR is occasionally performed as a life‐saving procedure in a hospitalized critical AS patient with cardiogenic shock or refractory heart failure.[10](#jah35203-bib-0010){ref-type="ref"} On the other hand, angina carries a relatively more benign prognosis and can be attributable to a myriad of factors, such as epicardial coronary artery disease, microvascular dysfunction, high LV wall stress, or increased demand from excessive LV hypertrophy.[11](#jah35203-bib-0011){ref-type="ref"} It is important to obtain a good history and actively probe for any of the aforementioned symptoms. Patients may have difficulty communicating while using telemedicine. They may also deny or delay reporting of their symptoms in the current environment to avoid encounters with the healthcare system and potential hazards of infection.

Overall, we believe that truly asymptomatic patients with severe AS should not undergo TAVR in the current era of florid COVID‐19 outbreak. A rare exception may be that of a patient with critical AS who has unrelated limitation to his/her functional capacity, which prevents expression of his/her symptoms. Notably, in the RECOVERY trial, cardiac death in asymptomatic patients with severe AS was significantly reduced by early surgery (within 2 months from randomization), and the survival curves seemed to diverge early in follow‐up. The American College of Cardiology/Society for Cardiovascular Angiography and Interventions statement recommends that patients with deferred TAVR procedure should be followed up by telephone calls on a weekly basis to ensure that their symptoms are not worsening.[5](#jah35203-bib-0005){ref-type="ref"} We propose an algorithm that may aid the heart team members in their decision making as they deliberate the timing of a planned TAVR procedure ([Figure](#jah35203-fig-0001){ref-type="fig"}).

![Proposed algorithm for timing of a planned transcatheter aortic valve replacement (TAVR) procedure.\
\*In case the patient has a severe illness attributable to coronavirus disease 2019 (COVID‐19) or other noncardiac conditions, and if no COVID‐19 personal protective equipment (PPE) is available in a patient with a definite infection, the heart team and the hospital ethics committee should carefully deliberate the futility and safety of the TAVR procedure, while engaging the patient and family in a process of shared decision making. †As COVID‐19 testing is usually not feasible given an emergency situation; all COVID‐19 PPE and precautions should be taken, assuming the patient has COVID‐19. AS indicates aortic stenosis; AVA, aortic valve area; and Vmax, maximum transvalvular flow velocity.](JAH3-9-e017121-g001){#jah35203-fig-0001}

Are There Untoward Risks to Patients Undergoing the TAVR Procedure? {#jah35203-sec-0004}
===================================================================

Patients with severe AS who undergo the TAVR procedure are usually elderly individuals, with a significant burden of comorbidities. COVID‐19 case fatality rate is highest in elderly individuals and in people with preexisting cardiac disease.[12](#jah35203-bib-0012){ref-type="ref"} Therefore, it is important to recognize the potential risk of a nosocomial COVID‐19 infection in a patient who is admitted for the TAVR procedure. Patients who require TAVR may need multiple encounters with the healthcare system before the procedure, for many reasons, including, but not limited to: cardiovascular imaging (eg, echocardiography and computed topography) to assess the aortic valve and the iliofemoral vessels, outpatient clinic visits with a cardiologist and a surgeon for a shared decision making by the patient and the heart team, and a preprocedural coronary angiogram.[13](#jah35203-bib-0013){ref-type="ref"} To reduce the risk of infection, innovative measures, such as telehealth clinics and virtual visits, should be used. Imaging studies with remote reading capabilities for the staff would be advisable. After the TAVR procedure, patients should be placed in private single rooms, with limited numbers of visitors and with the minimum necessary encounters with healthcare workers. Patients should be discharged as early as possible after the procedure, and efforts should aim to discharge the patient directly to home, instead of a nursing facility or a rehabilitation center.[14](#jah35203-bib-0014){ref-type="ref"}

Are There Risks to Healthcare Workers Performing the TAVR Procedure? {#jah35203-sec-0005}
====================================================================

COVID‐19 is a contagious disease with high risk of transmissibility. The severe acute respiratory syndrome coronavirus‐2 virus can remain viable for up to 3 hours in aerosols and up to 72 hours on plastic and stainless steel surfaces, which could result in aerosol and fomite transmission.[15](#jah35203-bib-0015){ref-type="ref"} Furthermore, recent reports have shown that presymptomatic transmission is possible and was responsible for several clusters of infections worldwide.[16](#jah35203-bib-0016){ref-type="ref"} Actually, recent reports suggest that patients may have the highest risk of transmitting infection before the onset of symptoms. In 18 days after the first COVID‐19 case was identified in a long‐term care facility in Washington, 50 healthcare workers became infected.[17](#jah35203-bib-0017){ref-type="ref"} Thus, performing a TAVR procedure in a potential COVID‐19 patient poses significant risk to the structural heart team and the ancillary staff. Healthcare workers should be trained in proper infection control measures, including proper placement and removal of personal protective equipment. TAVR patients should be screened before the procedure for any fever, respiratory or constitutional symptoms, or recent sick contacts. If available, and the procedure is not emergent, we recommend screening all patients for potential asymptomatic infection with real‐time reverse transcription--polymerase chain reaction test for a nasopharyngeal swab and blood testing for immunoglobulin titers 1 day before the procedure.

TAVR Technical and Procedural Considerations {#jah35203-sec-0006}
============================================

The TAVR procedure involves a multidisciplinary heart team approach, often including nurses, a radiology technician, an interventionalist cardiologist, a cardiac surgeon, and an anesthesiologist. Although the American College of Cardiology/Society for Cardiovascular Angiography and Interventions statement affirms that interventional care provided to TAVR patients should not be compromised,[5](#jah35203-bib-0005){ref-type="ref"} several measures can be placed to ensure the safety of the team and patients. TAVR procedures should be preferably performed in a designated negative pressure catheterization laboratory with an anteroom, or the operating room. The number of ancillary healthcare workers in the room should be minimized, and it is highly advisable to use a minimalist approach with conscious sedation instead of general anesthesia and omission of intraprocedural transesophageal echocardiography guidance (hoping this may reduce the length of stay).[18](#jah35203-bib-0018){ref-type="ref"} If a patient has a critical coronary artery disease, such as left main or proximal left descending artery critical stenosis, that precludes a safe TAVR, we suggest performing the percutaneous coronary intervention in the same setting as the TAVR procedure to minimize the risk of infection, while minimizing contrast use with novel approaches, such as a "contrast‐zero TAVR" strategy.[19](#jah35203-bib-0019){ref-type="ref"}

Conclusions and Future Directions {#jah35203-sec-0007}
=================================

There is no doubt that the COVID‐19 pandemic represents an unprecedented challenge to cardiovascular care delivery. However, with prompt recognition of barriers, coordination between team members and specialties, and prudent planning, we can deliver advanced cardiac care, such as TAVR, to patients who need it, in a safe setting without overwhelming the limited available resources. We have proposed an algorithm that can provide guidance to clinicians as they triage and prioritize TAVR procedures in the current COVID‐19 era. Our proposed algorithm should be individualized and adapted to the local practice. It should also be viewed as a dynamic algorithm and revised continually, as the availability of resources and the status of the outbreak in the local community change. For those whose TAVR procedures are deferred, it is important to conduct serial virtual clinical follow‐up to monitor symptoms and determine future tentative dates for their procedures.
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